The recent discovery that the HMG box transcription factor XTCF-3 is involved in early axis specification in Xenopus laevis (Molenaar, M., van de Wetering, M., Oosterwegel, M., Peterson-Maduro, J. Godsave, S., Korinek, V., Roose, J., Destrée, O., Clevers, H., 1996. XTcf-3 transcription factor mediates b-catenin-induced axis formation in Xenopus embryos. Cell 86, 391-399) led us to search for other members of the TCF/LEF family in this species. A newly identified HMG box factor was cloned with highest homology to human LEF-1, called XLEF-1. Unlike XTcf-3, XLef-1 is not expressed maternally, but its transcripts become detectable directly after the mid blastula transition (MBT). At later stages, both genes are expressed in the central nervous system (CNS), eyes, otic vesicles, head mesenchyme, neural crest and derivatives, branchial arches, developing heart, tailbud and limb buds. The expression pattern of Lef-1 during later stages of development is evolutionarily conserved.
Introduction
The Tcf/Lef family forms a small subfamily of vertebrate high mobility group (HMG) box transcription factor genes, including Tcf-1, Lef-1, Tcf-3 and Tcf-4 (Travis et al., 1991; van de Wetering et al., 1991; Waterman et al., 1991; Korinek et al., 1998) . TCF-1 and LEF-1 were originally defined as lymphoid-specific transcription factors, but were later found to be expressed in largely overlapping complex patterns during murine embryogenesis (Oosterwegel et al., 1993) . At embryonic day 7.5, expression of Lef-1 was observed in the posterior part, while Tcf-3 mRNA is present in the anterior part of the embryo (Korinek et al., 1998) . At later stages, murine Lef-1 mRNA is found in the mesencephalon, the dermatome and in tissues that require epithelial-mesenchymal interactions (e.g. neural crest, branchial arches, limb buds) (Oosterwegel et al., 1993; van Genderen et al., 1994) . Members of the TCF family function downstream of b-catenin/armadillo in the WNT/ wingless signalling pathway, both in normal development and in cancer (reviewed by Clevers and van de Wetering, 1997) Overexpression of dominant negative XTcf-3 (Molenaar et al., 1996) or Lef-1 (Behrens et al., 1996; Huber et al., 1996) suppresses b-catenin induced primary axis formation in Xenopus embryos. During these early stages of Xenopus development, only XTcf-3 was shown to be expressed (Molenaar et al., 1996) . WNTs play a role in many other aspects of development, e.g. of the central nervous system (CNS), neural crest, heart and limbs (reviewed by Moon et al., 1997; Cadigan and Nusse, 1998) . To obtain a better insight into the possible roles of different TCF/LEF family members, during early vertebrate development, we compared the expression patterns of XTcf-3 and of the newly identified Xenopus TCF/LEF family member XLef-1.
By screening a Xenopus brain cDNA library with a mixture of degenerate probes we isolated a partial cDNA sequence with high homology to hLef-1, called XLef-1. The complete coding sequence for XLef-1 (Fig. 1) was obtained by screening a Xenopus stage 30 cDNA library using the partial XLef-1 cDNA as a probe (see Section 2). Northern blot analysis ( Fig. 2 ) revealed that XTcf-3 mRNA is present at a high level from the egg stage onward, while XLef-1 mRNA it detectable only after MBT with increasing levels during subsequent stages. At stage 9, both genes are expressed in the animal as well as the vegetal half. Whole mount in situ hybridisation showed that maternal XTcf-3 mRNA it ubiquitously present in early embryos (Fig. 3A) . As gastrulation proceeds, a strong zygotic expression appears in the anterior region of the late gastrula (similar to murine Tcf-3 mRNA at E7.5, (Korinek et al., 1998) ). In contrast, XLef-1 mRNA it not detected before MBT nor in early gastrula, but is first seen at low levels in the anterior and dorsal regions of the late gastrula (Fig. 3B) . Thus, in contrast to XTcf 3, XLef-1 is not expressed maternally, but its transcripts start to be detectable directly after the MBT.
In the early neurula, XTcf-3 mRNA is present in the mesoderm and, with a sharp posterior boundary, in the censorial layer of the neurectoderm (Fig. 4AI,II) In the late neurula, anterior and posterior levels are similar (Fig.  4AIII) . At early tailbud stages, different regions with higher expression appear, which become more apparent during later stages (Fig. 4AIV-VI) . High expression of XTcf-3 is seen in the CNS, the eyes, the otic vesicles, the head mesenchyme (e.g. above the cement gland) and the bran- Nieuwkoop and Faber, 1994) . chial arches (including the endoderm (Fig. 5AII) ). Sectioning reveals expression of XTcf-3 in neural crest cells and their derivatives (not shown). Interestingly, a high expression is found in the tailbud, a region containing organiserlike capacities (Gont et al., 1993) .
The initial pattern of expression of XLef-1, i.e. in late gastrula stages differs from that of XTcf-3 (Fig. 3) . Later in development their patterns overlap, but XLef-1 mRNA is much more restricted (e.g. in the CNS, Fig. 4A ,BVl). In the early neurula, weak expression is found in the dorsal mesoderm (Fig. 4BI ). Higher levels of expression appear in the prospective mesencephalon, in the mesoderm of the prospective pharyngeal region and posterior in the intermediate mesoderm (Fig. 4BII, III) . In tailbud stages, XLef-1 mRNA, compared with XTcf-3, is present at high levels in the neural crest extending to the posterior most end (including the crest cells which have migrated into the fin (Fig. 4BIV-VI) ). Expression of XLef-1 in the branchial arches is less prominent than that of XTcf-3, since XLef-1 is not detected in the meso-and endodermal part (Fig. 5BII ). An additional, more anterior, region of XLef-1 expression appears in the paraxial mesoderm of the tailbud, at stage 25 (not shown, compare Fig. 4BV ).
Besides the patterns described above, later in development we find expression of both XTcf-3 and XLef-1 in the prospective endocard (Fig. 5) ant both mRNAs are present in a graded fashion in isolated hind limb buds (Fig. 6) .
Although no expression was detected for murine Tcf-3 after E10.5 (Korinek et al., 1998) , we find a continuous and wide expression of XTcf-3 during Xenopus development. In contrast, the pattern of expression of Lef-1 in the Xenopus embryo is strikingly similar to that in the mouse (e.g. mesencephalon, neural crest, branchial arches and limbs).
Methods

Cloning of XLef-1
An adult Xenopus brain cDNA library (Schrama et al., 1997) was screened at low stringency with a mixture of degenerate cDNA probes (i.e. murine Tcf-1, according to standard procedures. A Xenopus stage 30 library (R. Morgan, unpublished data) was screened at high stringency with the partial XLef-1 cDNA as a probe. The 5′ most 135 bp were cloned by PCR using specific XLef-1 and anchor primers on stage 30 cDNA.
Embryo manipulation and microinjection
Methods of egg collection, fertilisation and embryo culture were as described (Gao et al., 1994) .
Northern blotting
RNA isolation and Northern blot hybridisation were performed as described (Destrée et al., 1992) with randomly labelled probes not containing the HMG box sequences.
In situ hybridisation
Whole mount in situ hybridisation of Xenopus embryos was performed as described (Harland, 1991) with slight modifications: after antibody incubation embryos were washed in MaNaT (100 mM Maleic acid, pH 7.5, 150 mM NaCl, 0.1% Tween-20). Embryos were processed using a robot (Abimed (Plickert et al., 1997) ) and stained in BM Purple (Boerhinger Mannheim). Probes did not contain the HMG box sequences.
